E ver since Modeer (1764) first described maternal egg guarding in the parent bug, Elasmucha grisea, attempts have been made to understand the evolution of postzygotic maternal care in insects
ver since Modeer (1764) first described maternal egg guarding in the parent bug, Elasmucha grisea, attempts have been made to understand the evolution of postzygotic maternal care in insects (Wheeler 1928; Wilson 1971 Wilson , 1975 Smith 1980; Zeh & Smith 1985; Tallamy & Wood 1986; Zeh et al. 1989; Clutton-Brock 1991; Tallamy 1994; Trumbo 1996; Tallamy & Schaefer 1997) . The task has been difficult, for the disparate appearance of this behaviour throughout 13 orders and at least 45 families of insects has thus far masked evolutionary patterns. Perhaps the most cited effort is that of Wilson (1975) who posits four 'prime movers' that promote the evolution of parental care in animals: stable, structured environments; physically harsh environments; specialized (scarce, ephemeral, rich or poor) food resources; and predation. Although they provide an appealing theoretical framework, these broad categories lack predictive power because there are myriad examples of insects, often close relatives of maternal species, that reproduce under such conditions without the use of maternal care (Thomas 1995; Trumbo 1996; Tallamy & Schaefer 1997) . Scarab dung beetles provide a particularly powerful example. Although at least 7859 species use dung as a primary resource for reproduction, only 41 species (0.5%) provide postzygotic maternal care while doing so (Halffter & Edmunds 1982) . It is obvious that the resource alone is not dictating the evolution of maternal behaviour in these taxa.
A more useful predictor of broad patterns in the occurrence of maternal care among terrestrial arthropods was recognized by Zeh et al. (1989) . These authors noted that some form of maternal care (ovoviviparity, viviparity, or postovipositional maternal care) is almost universal among arthropods lacking ovipositors and eggs with elaborate chorionic structure (i.e. terrestrial arthropods other than insects), but becomes sporadic or entirely absent in most insect groups, all of which have (or have had in their evolutionary pasts) well-developed ovipositors and eggs that are resistant to osmotic rupture, desiccation and drowning. On a finer taxonomic scale, however, this distinction also lacks predictive power; there are dozens of examples within the Insecta where maternal care appears in one group but is not present in close relatives, all of which share general egg and ovipositor morphology.
Part of the problem with attempts to formulate broadbased predictions about the occurrence of insect maternal care is that there are probably several unrelated causes associated with its evolution. As Zeh et al. (1989) have pointed out, the evolution of maternal care depends as much on the inherent capacity of the female to enhance offspring survival and the inherent ability of the embryos to survive unattended as on ecological constraints and opportunities. Nevertheless, it is safe to generalize that among insects with the capacity to enhance the survival of their young, maternal care will only evolve when the benefits of such behaviour exceed the costs (CluttonBrock 1991) . This can occur either when the benefits of care are extraordinarily large in relation to moderate costs, or when the costs are exceptionally low in relation to moderate benefits. An excellent example of extraordinary benefits from maternal care is found in all subsocial and eusocial aculeate Hymenoptera (Wilson 1971) . Care is essential in these taxa because they are all derived from parasitic lineages with larvae morphologically specialized for development within the rich biosoup of a host's inerds. Such larvae are entirely helpless outside of that environment and require complete care through pupation. One could also argue that the secondary loss of the ovipositor in earwigs (Dermaptera) and webspinners (Embiidina) and thus the loss of the ability to bury eggs out of harms way may have created a case where the benefits of care exceed the costs, not because the costs are low but because the benefits are high (Zeh et al. 1989 ).
